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1. A semicondiT^tor photo-detector characterized in 
that 

a first semic^^nductor layer having a first 
conduction type, a Becond semiconductor layer having 
a second conduction pype, and a photo-absorption 
part comprising a phc\to-absorption layer sandwiched 
between said first seriiiconductor layer and said 
second semiconductor lawyer are disposed on a 
substrate ; 



at least said photo 
at a position apart inw 
an end surface of said 



:ion layer is formed 
a finite length from 
>trate; 

an end surface of said\ second semiconductor . 
layer and said substrate or\ said end surface of said 
substrate is provided with a light incident facet 
angled inwardly as it separates from the surface of 
said second semiconductor or \the surface of said 
substrate; 

wherein light incident to \said light incident 
facet is refracted at said ligHt incident facet and 
transits said photo-absorption jiayer diagonally with 
respect to the layer thickness direction. 



2 . A production 



:hod of semiconductor photo- 
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detect3Dr characterized in that: 

a ^irst semiconductor layer having an intrinsic 
or a fir\t conduction type, a second semiconductor 
layer havi^ng the same first conduction type, and a 
growth layer comprising a photo-absorption part 
including aXphoto-absorption layer sandwiched 
between said\ first semiconductor layer and said 
second semicanductor layer are disposed on a 
substrate; \ 

a main inside part of said first semiconductor 
layer at the surface side, or said inside part -and 
part of said ph®to-absorption layer is converted 
selectively to aVsecond conduction type by diffusion 
of an impurity;/ \ 

and an end surfaceyof the substrate side growth 
layer except fpr sad^r photo-absorption layer or said 
substrate is provided with a light incident facet 
angled inwardly as iV separates from the surface' 
side from a position atoart by a finite length in a 
direction parallel to s^id substrate surface with 
respect to the photo-absorption part comprising said 
photo-absorption layer; \ 

whereby obtaining a sWiconductor photo-detector 
in which incident light is yref racted at said light 
incident facet and transits \said photo-absorption 
layer diagonally with respect to the layer thickness 
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direVtion . 

3 . A production method of semiconductor photo- 
detectorXcharacterized in that: 
5 a first semiconductor layer having an intrinsic 

or a f irstXconduction type, a second semiconductor 
layer having the same first conduction type, and a 
growth layerX comprising a photo-absorption part 
including a pnoto-absorption layer sandwiched 
10 between said Mrst semiconductor layer and said 
second semiconductor layer are disposed on a 
substrate; \ 

a main insiofe part of said first semiconductor 
layer at the suytace side, or said inside part and 
15 part of said phbtoVabso^ption layer is converted 
selectively to ^*«.€^orid conduction type by ion 
implantation and subsequent anneal; 

an end surface o^ the substrate side growth 
layer except for said photo-absorption layer or said 
2 0 substrate is provided with a light incident facet 
angled inwardly as it sebarates from the surface 
side from a position apart by a finite length in a 
direction parallel to saidV substrate surface with 
respect to the photo-absorpVion part comprising said 
25 photo-absorption layer, \ 

whereby obtaining a semickjnductor photo-detector 
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in whr^ incident light is refracted at said light 
incident /^cet and^ transits said photo-absorption 
layer diagoi^lly^with respect to the layer thickness 
directioi 

5 

Ca>;jJ\/ 4\ A semiconductor photo-detector characterized in 
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an intrinsic or a first conduction type 
semi conduct or layer, a photo-absorption layer 
comprising a superlattice semiconductor layer or a 
multiple quantum well semiconductor layer, and -a 
schottkyX electrode are disposed on a substrate; 

a seira. conductor multilayer structure of large 
schottky-barrier height having a schottky barrier 
higher in schottky barrier height than the schottky 
barrier between said photo-absorption layer and said 
schottky electrode is formed between said photo- 
absozrption laye\ and said schottky electrode; and 

an end surface of the substrate side growth 
layer except for ^id photo-absorption layer or said 
substrate is provid\Bd with a light incident facet 
angled inwardly as iV separates from the surface 
side from a position apart by a finite length in a 
direction parallel to said substrate surface with 
respect to the photo-ab\orption part comprising said 
photo-absorption layer , 
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>^^f^^ere±n incident light is refracted at said 
light Vncident facet and transits said photo- 
absorptVon layer diagonally with respect to the 
layer th\ckness direction. 
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5 .N. The semiconductor photo-detector as claimed in 
ClairtJSw4, wherein said semiconductor layer of large 
schottl<^barrier height comprises Ini-x-yGaxAlyAs 
(0<x<l, 0<^1). 

6 . The semiconductor photo-detector as claimed in 
Claim 4, wherein\said semiconductor layer of large 
schottky-barrier height comprises Ini_x-yGaxAlyAs 
(0<x<l, 0<y<l) and tM^n Ini-uGauAsi-vPv (0<u<l, 0<v<l) 
disposed thereon. 
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7 . The semicondiiptor photo-detector of as claimed 
in any one of Claiirhs 4, 5 and 6, wherein a 
compositionally graded or^. step-graded layer from the 
same composition as sayS^ layer to 

the same composition as N^aid semiconductor layer of 
large schottky-barrier hd^ght is disposed between 
said photo-absorption layen and said semiconductor 



layer of large schottky-barrier height. 
25 ^ 
C\^^^ sS^ A semiconducto^photo-detector characterized in 
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lat : 

a photo-absorption part comprising a 
semiconductor multilayer structure including a 
phot\- absorption layer is provided on a substrate; 

end surface is provided with a light incident 
facet dSjigled inwardly as it separates from the 
surface >pide; and 

a V- \or U-shaped groove is provided in 
oppositionXto said light incident facet, 

whereim light incident from an optical fiber 
disposed in ^id groove is refracted at said light 
incident facet\and transits said photo-absorption 
layer diagonally with respect to the layer thickness 
direction, 



9 . A production method of the semiconductor photo- 
detector as claimed \n Claim 8, wherein said light 
incident facet and sadS^ V- or U-shaped groove are 
fabricated simultaneously by etching. 



10. The semiconductor photo-detector as claimed in 
Claim 8, wnerein said light incident facet and the 
vicinity thereof are buried in an organic substance. 



11. A production m; 
detection device c 




d of semiconductor photo- 
erized in that, using the 
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selhRiconductor photo-detector as claimed in Claim 10, 
afterS^aking optical coupling with an optical 
waveguid^V by removing said organic substance. 

5 12 . A production method of semiconductor photo- 
detection device ^Siaracteri zed in that, using the 
semiconductor photo^dorf^ctor as claimed in Claim 10, 
after making optical c^apling with an optical 
Ejj waveguide, space between^^aid semiconductor photo- 

10 detector and said optical w^eguide is buried in 
with an organic substance 

A semiconductor photo-detector characterized in 

Q th\t 

15 \a photo-absorption part comprising a 

semicbnductor multilayer structure including a 
photo-absorption layer is provided on a substrate; 

an ^nd surface is provided with a light incident 
facet angled inwardly as it separates from the 
2 0 surface sicfle; and 

said siifcstrate is protruded by a finite length 
from a tip oA said end surface at said light 
incident f acet \side, 

wherein ligrk: incident from an optical waveguide 
25 precisely positioned by contacting against said 
protruded part of sad.d substrate is refracted at 
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Said light incident facet and transits said photo- 
aasorption layer diagonally with respect to the 
layer thickness direction. 

14. A semiconductor photo-detector characterized in 
that: \ 

a pVoto-absorption part comprising a 
semicondiifctor multilayer structure including a 
photo-absOT-ption layer is provided on a substrate; 

an end\surface is provided with a light incident 
facet angledXinwardly as it separates from the • 
surface side; ^nd 

a main rea&hing area of incident light refracted 
at an upper lay^ of said photo-absorption layer is 
terminated with aXsubstance haying a smaller 
refractive index tman a semiconductor layer, 

wherein incident light is refracted at said 
light incident facet ^nd transits said photo- 
absorption layer diagonally with respect to the 
layer thickness directio^, and said transit light 
total reflected by said starialler refractive index 
substance of upper layer oV said photo-absorption 
layer . \ 

15. A semiconductor photo-detection device 
characterized in that: \ 
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a photo-absorption part comprising a 
semiconductor multilayer structure including a 
photo-absorption layer is provided on a substrate; 

a refraction type semiconductor photo-detector 
5 providedXon an end surface with a light incident 
facet angled inwardly as it separates from the 
surface side, and an optical waveguide is disposed 
opposing saajd device; and 

space between said refraction type semiconductor 
10 photo-detectoAand said optical waveguide is buried 
in with a solidV^r liquid, 

wherein ligh\ incident from said optical 
waveguide to said Mght incident facet of said 
photo-detector is r^racted at said light incident 
15 facet and transits saM photo-absorption layer 
diagonally with respect\to the layer thickness 
direction. 



(Hod Aftti") 
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